S uccessful placement and osseointegration of dental implants in previously grafted extraction sockets requires adequate wound healing and sufficient regeneration of bone in both quantity and quality. Enhancing and accelerating this bone regeneration is a desirable outcome that would allow more timely implant placement in grafted sites.
Experimental research has elucidated several methods to enhance bone regeneration: mechanical stimulation, 1, 2 electromagnetic fields, 3,4 low-intensity ultrasound, 5, 6 bioactive materials, 7 biological growth factors, 8 and low-level laser therapy (LLLT). 9, 10 LLLT has been applied in cell culture and animal experiments on bone formation and has been shown to have a positive effect on osteoblast proliferation and differentiation 11 and bone nodule formation. 12 The application of LLLT to enhance bone formation has been investigated in human clinical studies. In 1974, Shugaroz and Voronkov 13 were the first to report the stimulatory effect of LLLT on the repair of fractures. A CO 2 laser was used in combination with allografts to treat infrabony defects in periodontally involved teeth, demonstrating complete regeneration after 4 weeks of treatment, according to a case report by Corsair. 14 Nagasawa et al 15 showed that the bone repair after tooth extraction, when the surgical site was lasered with GaAlAs laser, was superior to control wounds, according to radiologic and macroscopic analysis. A number of studies also show a positive influence of laser irradiation on wound healing 16 and collagen synthesis. 17, 18 In addition, LLLT has been shown to moderate inflammation 19 and stimulate fibroblast proliferation 20 and angiogenesis. 21 Near-infrared (NIR) phototherapy is the therapeutic use of monochromatic light in the optical region of 600 -1000 nm to irradiate target tissues in a nondestructive and nonthermal manner. Phototherapy has been widely and increasingly used in medicine and dentistry since the development of the ruby laser by Maiman in 1960. Lasers have been the primary photon source in most studies until the recent introduction of high-efficiency light emitting diodes (LEDs) of appropriate biologically active wavelengths.
One of the mechanisms thought to be responsible for the physiologic effect of phototherapy is the ability of NIR photons to alter cellular metabolism as a result of its being absorbed by cytochrome c oxidase. As a result of this stimulation of the respiratory chain in the mitochondria, adenosine triphosphate (ATP) production is increased. 22 It is postulated that this increased ATP production and consequent energy source for the cellular machinery allows for increased function and metabolism of cells in tissues that are ischemic, wounded, intoxicated, or poorly perfused. LLLT is now considered an accepted treatment modality in medicine and dentistry. However, some of the disadvantages for the clinician and the patient with the use of lasers are small optical "footprint," excessive hardware and bulk for treating large areas, and intense energy density, which can damage the retina if inadvertently exposed. Phototherapy using LED has recently become feasible due to the availability of high-efficiency monochromatic diodes at biologically active wavelengths.
Background
LEDs have many advantages over lasers for use in phototherapy, including easily expandable optical footprint due to the use of LED arrays, smaller hardware package, and lower energy density. The decreased energy density reduces the risk of eye damage compared to laser light. 23 Recent experiments utilizing LED phototherapy have demonstrated a similar therapeutic effect as low-level laser phototherapy. 24 Animal studies have shown the ability of LLLT to accelerate the healing of autogenous 25 and xenograft 26 bone grafts on rat skull surgical defects. To our knowledge, no human clinical studies demonstrating the effect of either LLLT or LED phototherapy on grafted extraction sockets and bone regeneration have been reported. Clinical success with extraction socket grafting on its own has been shown with numerous bone replacement graft products. 27 In this case report, bilateral extraction sites, both grafted with the synthetic hydroxyapatite (HA) particulate, one phototherapy treated and one an untreated control, were compared histologically to determine the respective influence of the phototherapy-treated socket on acceleration of wound healing.
CASE REPORTS

Materials and Methods
This study utilizes a known tissueengineered bone-replacement graft product, Osteograf LD300 (DENTSPLY Friadent; CeraMed, Lakewood, CO) a synthetic HA particulate material. Osteograf LD300 is used routinely for immediate socket grafting in extraction sites in order to preserve bone and bony architecture. 28 In this study, the LED-based system used was the investigational Biolux extraoral phototherapy device (Biolux Research Ltd, Vancouver, Canada). The LED array operates in the visible red spectrum at a continuous wavelength of 605-631 nm. The device has an integrated alignment system that allows the doctor to position and fix the array directly over the surgical site. The computer-controlled power supply is programmed to deliver the prescribed phototherapy regimen every time it used. Because of the need to treat the site on a daily basis, the device has been designed to allow the patient to easily treat themselves at home. The alignment system ensures that the LED array is positioned correctly every time the patient uses the device.
The patient, a 52-year-old woman and a smoker, presented with moderately periodontally involved lower right and left first molars. These teeth were mobile and proximal bone loss was beginning to jeopardize adjacent teeth (Fig. 1) . Profound local anesthesia utilizing bilateral mandibular and long buccal blocks utilizing lidocaine HCl 2% with 1:100,000 epinephrine (Dentsply, Woodbridge, ON, Canada) was performed. Tooth numbers 19 and 30 were surgically sectioned and atraumatically removed with forceps and elevator without use of a tissue flap. The two extraction sites were curetted to remove any granulation tissue. The sockets were copiously irrigated with sterile saline. Saline hydrated Osteograf LD300 particulate (approximately 0.25 g) was lightly pressed into the extraction sockets of tooth numbers 19 and 30, thoroughly filling the socket area to the crest of bone. A sponge of surgical gelatin (Ethicon, Cornelia, GA) was placed coronal to the particulate material, and secondary closure was achieved with interrupted 3-0 gut sutures (Schein, Melville, NY). Postoperative medications included 400 mg ibuprofen 4 times per day for the first 2 days or as required for pain and 600 mg penicillin V was also administered 4 times per day for 7 days.
The Biolux extraoral light therapy device was fitted to the patient, permitting the LED array to be aligned directly on the left cheek with light pressure, centered on the MGJ of tooth 19 (lower left first molar). The patient was instructed in the care and use of the phototherapy device, and once informed consent was obtained, the patient was advised to use the device on a daily basis for 21 days. The phototherapy regimen consisted of 1 daily 10-minute treatment, with an energy density of 20 mW/cm 2 . The total dosage to the surface of the skin overlying the surgical site was 12 J/cm 2 , with the treatment over a surface area of 3.6 cm 2 .
The postsurgical healing was uneventful and routine. After a postoperative healing period of 35 days passed, the patient was reappointed. Once adequate local anesthesia with lidocaine HCl 2% with 1:100,000 epinephrine was achieved, a tissue biopsy was taken using a 2-mm trephine (Salvin, Charlotte, NC), with copious irrigation with sterile saline at 350 r.p.m. Soft and hard tissue sample cores were obtained from the center of the 19 and 30 extraction sites. Trephine cores (2-mm diameter) approximately 8 mm in length were taken from each site and placed in 10% neutral buffered formalin.
RESULTS
Histologic Results
The trephined biopsy cores were submitted for histological analysis to the University of Texas, Dental Branch, Oral and Maxillofacial Pathology service (Houston, TX). All specimens were decalcified with 50/50 formaldehyde/formic acid, sectioned, and stained with hematoxylin-eosin, with longitudinal diagnostic slices taken near the middle of the sample. sults for this control site showed predominantly dense fibrous connective tissue, with much angular pink augmentation material showing very little bone formation on its surface. In the coronal view, small to moderate numbers of chronic inflammatory cells are seen in the fibrous tissue, and inflammation extends to a lesser degree to the surface epithelium (Fig. 2B) . In the apical portion ( Fig. 2A) , a fragment of mature cortical bone has abundant new bone formation on its inner surface, with no inflammatory changes. The middle portion of the core at 100ϫ (Fig. 2C) shows extensive fibrous tissue with large HA crystals, with no attempt at bone formation and lymphocytes in the stroma.
Fig. 3A-C shows bone biopsy harvested 35 days after extraction and socket grafting of tooth 19 (left first molar) after phototherapy. Histologically, this phototherapy-treated site consisted of abundant new bone formation without inflammation, including somewhat immature bone with occasional partially nonviable bone, consistent with regenerating bone. Also present is somewhat immature bone, with occasional partially nonviable and more mature bony trabeculae.
The new bone is often formed on the surface of the partially nonviable bone (Fig. 3A, B) . In the middle view at 100ϫ (Fig. 3C) , abundant new bone can be seen, in addition to some very small remaining fragments of resorbed HA crystals.
DISCUSSION
In this single-patient, split-mouth study, we have demonstrated the osteogenic response from 2 bilateral HA-grafted extraction sockets. The histologic results show that the socket grafted with HA and treated with Biolux phototherapy produced significantly more bone and resorbed the HA particulate more quickly than the control socket.
This acceleration of bone formation and HA particle resorption is thought to occur through the increased metabolism and ingrowth of fibroblasts, neovascularization, and the increase of local blood circulation and lymphatic flow. An increased blood supply raises the oxygen and nutrient concentration in the healing socket, allowing for more optimum function of fibroblasts, osteoblasts, and immune cells and formation of new osteoid and bone. In addition, the stimulation of the respiratory chain in the mitochondria of ischemic cells increases intracellular production of ATP, allowing for more optimal function.
CONCLUSIONS
In this same-mouth comparative case study, Biolux LED phototherapy substantially enhanced bone formation and particle resorption compared to the bilateral control site in HA particulate-grafted fresh extraction sockets.
Biolux LED phototherapy treatment on HA-grafted extraction sites may substantially decrease the time required to place an implant. Histologic evidence suggests that Biolux phototherapy offers the clinically significant benefit of accelerated bone healing in preparation for implant placement in regenerated vital bone.
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PALABRAS CLAVES
RESUMO: Antecedentes:
O efeito estimulante da fototerapia a laser vermelha e quase-vermelha sobre a regeneração do osso e o crescimento foi mostrado em inúmeros estudos in vitro e animais. Contudo, o efeito da fototerapia com NIR sobre a regeneração óssea de alvéolos de extração tratados com hidroxiapatita (HA) não foi demonstrado anteriormente. Materiais e métodos: Um aparelho investigativo Biolux, de fototerapia extra-oral com LED foi usado diariamente durante 21 dias após a extração e enxerto do alvéolo com HA (Osteograf LD300) unilateralmente. A regeneração do osso do lado tratado e não-tratado com fototerapia foi comparada nos alvéolos de extração da mesma boca. Resultados: Avaliações histológicas mostraram formação aumentada do osso e reabsorção mais rápida de partículas associadas com enxerto do alvéolo tratado com fototerapia em comparação com o alvéolo tratado com não-fototerapia. Conclusões: A cura acelerada do osso no enxerto do alvéolo HA tratado com fototerapia pode proporcionar colocação mais rápida de implante em comparação com enxertos do alvéolo tratado com não-fototerapia. 
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